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S1. Calculation for synthesis: exemplarily shown for MCM-41 and 20 mol% of LiI
For the solid solution (1−x)LiBH4-xLiI the right mass ratio was calculated through the molecular weight of LiBH4 (21.78 g/mol) and LiI (133.85 g/mol) and the respective mol% of the final product. 10, 20, 30 and 40 mol% LiI samples were synthesized via melt infiltration. For 20 mol% LiI the respective weight ratios are 61 wt% LiI and 39 wt% LiBH4. Prior to melt infiltration, for 1 g total mass of the final solid solution we have to physically mix 0.61 g LiI and 0.39 g of LiBH4 together Nanoconfined samples were calculated based on the amount of porous material (0.5 g) and the specific pore volume (MCM-41: 1.11 cm 3 /g) we can know calculate the final mass of LiBH4, which we have to add to fill the pores of 0.5 g MCM-41 by 130 %: 0.48 g LiBH4.
For the combined approach, the volume we have to fill is still 0.72 cm 3 (130 % pore filling). The masses of LiI (x) and LiBH4 (y) were calculated according to the equations (1) and (2). (1) is the weight ratio of LiI to LiBH4 and (2) includes the specific volumes of LiI (0.29 cm 3 /g) and LiBH4 (1.50 cm 3 /g). If they are multiplied by the mass, they sum up to the total pore volume of MCM-41, which we want to fill. With these two equations we obtain the amount of LiI (x = 0.57 g) and LiBH4 (y = 0.37 g), which we physically mix by mortaring before we gently mix it with MCM-41 (0.5 g) and finally put the mixture into stainless steel autoclaves for melt infiltration. The compositions of the samples in wt%. are given in Table S1 x/y = 0.61/0.39 
S2. Nitrogen Physisorption
N2 physisorption measurements were used to determine the properties (surface area and porosity) of the metal oxide before and after preparation of the nanocomposites. The measurements were carried out at -196 °C in a Micromeritics Tristar 3000. The pore size distribution and pore volumes were determined with the help of a Barrett-Joyner-Halenda analysis on the adsorption branch of the isotherm.
For the LiBH4-LiI / Al2O3 and LiBH4-LiI / SBA-15 system N2-physisorption was repeated with the result of no pore volume or surface left. 
